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Abstract- The use of nanoparticles in composite materials is emerged as a result of increasing demand for the advancement 
in material properties to satisfy the market necessities. This study presents the effects of nanosilica inclusion on tensile and 
flexural characteristics of glass/epoxy fiber reinforced composite laminates. The laminates were fabricated by hand layup 
technique. Nanosilica particles having four different weight fractions as 1, 1.5, 2 and 3 percentages were used for fabrication 
of composite laminates. The specimens were prepared according to ASTM D638 and D790 standards for tensile and flexural 
tests, respectively. Results obtained from specimens having nanosilica particles showed the serious improvement on the 
tensile strength, flexural modulus and flexural strength values compared to specimens without nanosilica inclusion. 
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I. INTRODUCTION 
 
Over the last three decades, fiber reinforced 
composite materials have become the dominant 
emerging materials in engineering applications such 
as household appliances, sporting goods, automotive, 
marine, defense and aerospace industries due to their 
superior properties such as high performance to 
weight ratio, vibration damping etc. With 
technological advances and increasing demand in 
market, some nano-sized additives or fillers in 
composite materials have been used to improve 
mechanical properties of composite materials. These 
improvements have supplied to develop the new 
polymeric matrix materials. Many researchers have 
reported that the addition of small amounts of 
nanoparticles, such as nanometal oxides, carbon 
nanotubes, nanographeme and nanoclays, lead to a 
noticeable improvement in thermal, mechanical, 
morphological, electrical and optical properties of 
polymer composite materials without compromising 
on density, toughness and manufacturing process [1].  
Nanosilica particles is an inorganic chemical 
material, commonly known as silica. It has ultrafine 
nanometer size range between 1 and 100 nm and 
effects the mechanical behavior of the materials 
seriously. There are many studies about effects of 
nanosilica amount on the mechanical behaviors of 
composite laminates in literature examination. 
Zamanian et al. [2] noticed that the mechanical 
properties of an epoxy resin have been improved 
significantly by the addition of silica nanoparticles 
with different size. The best improvements were 
obtained with the smaller nanoparticles. Manjunatha 
et al. [3] examined the tensile fatigue behavior of 
glass/epoxy reinforced composites having nanosilica 
particles with 10 weight percentage of epoxy resin. 
The fatigue life of bulk epoxy was increased about 
three to four times compared to neat epoxy. Conradi 
[4] performed a review study to see effects of 

nanosilica particles with 30 nm and 130 nm scale. It 
is found that significant increases in the modulus and 
strength were obtained. Zheng et al. [5] investigated 
nanosilica in epoxy resin and characterized 
nanocomposite with impact and tensile testing. 115%, 
13% and 60% increase in tensile strength, tensile 
modulus and impact strength were observed on the 
3% weight nanosilica amount. Mahrholz et al. [6] 
studied about the quantitation of reinforcement effect 
of silica nanoparticles in epoxy resins used in liquid 
composite molding processes. Jumahata et al. [7] 
studied the effect of nanosilica with 5–25 wt% 
particle content on the tensile stress-strain results. It 
is found that the incorporation of a well-disperse 
nanosilica improved the tensile modulus and strength 
of about 38% and 24%, respectively. Chen et al. [8] 
reported that the tensile strength of the epoxy filled 
with 12-nm and 100-nm nanosilica was independent 
of particle size. Uddin et al. [9] conducted the 
improvement on strength of glass/epoxy fiber 
reinforced composites with nanosilica enhanced 
matrix. Guo et al. [10] performed a study about wear 
performance of short carbon fiber/epoxy composites 
having nanosilica content. Sikora et al. [11] 
investigated the influences of nanosilica particles on 
mechanical behaviors of polymer-cement composites.  
The present work deals with the effects of nanosilica 
amount on tensile and flexural characteristics of 
glass/epoxy fiber reinforced composite laminates. For 
this purpose, composite specimens having different 
weight percentages of nanosilica particles as 1%, 
1.5%, 2% and 3% were prepared. 
 
II. MATERIALS AND METHODS 
 
2.1. Materials 
Four main components as E-glass fabric, epoxy resin, 
hardener and nanosilica particles were used to 
fabricate composite laminates. Plain woven E-glass 
fabric with areal density of 202 g/m2 and epoxy resin 
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(MOMENTIVE-MGS L285) and hardener 
(MOMENTIVE-MGS H285) were supplied from 
DOST Chemical Industrial Raw Materials Industry, 
Turkey. Nanosilica with a high purity 99.5%, average 
particle size of (15 nm), specific surface area (300 
m2/gr) and bulk density (0.05 gr/cm3) was obtained 
from Grafen Chemical Industries, Turkey. The 
density and thickness values of glass fiber fabric, 
nanosilica and epoxy resin are presented in Table 1. 
Epoxy resin and nanosilica particles were stirred 
homogeneously according to different weight 
percentages. Then, hardener addition was performed 
in the stoichiometric ratio of epoxy-hardener mixture 
as 100:40. 
Table1: The Physical Properties of Reinforcements and Epoxy 

Resin 

 
 
2.2. Fabrication of Specimens 
Composite laminates were fabricated by hand layup 
technique which is shown in Fig. 1a. At first, a thin 
release agent film was deposited on the surface of 
mold plates. One of the E-glass fabric layer were 
placed on the mold and resin mixture 
(epoxy/nanosilica/hardener) was applied with a help 
of brush to provide fully impregnation on the layer. 
Then second fabric layer was deposited and resin 
mixture was applied. This operation was repeated up 
to ten layer fabric entirely wet. Afterwards, top mold 
plate was put on the fabric/resin combination. Lastly, 
they were placed in a hot press to conduct curing 
process under condition which is shown in Fig. 1b. 
Beam specimens according to dimensions in related 
ASTM standards were cut by CNC router.  

 
(a) 

 
(b) 

Fig.1. (a) Hand layup technique, (b) The curing process. 

2.3. Mechanical Tests 
Uniaxial tensile and three point bending tests on 
Shimadzu AG-X series universal testing machine, 
shown in Fig. 2, were performed to determine the 
effects of nanosilica inclusion on mechanical 
characteristics of glass/epoxy fiber reinforced 
composite laminates. ASTM D638-10 standard [12] 
was utilized to determine uniaxial tensile tests and 
dimensions of beam specimens. Specimens were 
loaded in tension direction with the 2mm/min speed 
up to failure. To examine flexural behaviors of the 
specimens, three point bending experiments were 
conducted according to ASTM D790 standard [13]. 
The span-to-depth ratio of specimens were used as 
32:1 and specimen dimensions were 200 mm in 
length and 12.7 mm in width.  Specimens were 
loaded in perpendicular direction with the 3 mm/min 
speed up to failure. All tests were performed for the 
five beam specimens of composites having each 
nanosilica content. 

 
(a) 

 
(b) 

Fig.2. Mechanical Tests; (a) Tensile specimen under tensile test, 
(b) Flexural specimen under three-point bending test. 

 
III. RESULTS AND DISCUSSION 
 
3.1. Uniaxial Tensile Tests 
The variation of tensile strength values of the 
specimens are given in Fig.3. For the specimens 
having 1%, 1.5%, 2% and 3% nanosilica inclusion, 
increases of 4%, 4.5%, 8% and 3% respectively were 
obtained when compared to the pure specimens. The 
maximum tensile strength value was obtained from 
2% nanosilica filled beam specimen as 280.25 MPa. 
As can be seen in figure, the tensile strength values 
have increased up to certain amount of nanosilica 
particles, after decreasing happens. This can be 
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explained as some agglomerations between epoxy 
and nanosilica particles. 

 
Fig.3. Variation of tensile strength according to nanosilica 

content. 
The stress-strain diagram of the glass/epoxy fiber 
reinforced composite beam characteristics obtained 
from tensile tests are given in Fig. 4. According to 
tensile test results, the best performance as maximum 
tensile strength and strain can be seen for the 
specimens having 2% nanosilica particles. 
 

 
Fig.4. Tensile stress-strain curves of the composites. 

3.2. Three Point Bending Tests 
The variation of flexural modulus and flexural 
strength values of the glass/epoxy composite beam 
specimens having different nanosilica content are 
presented in Fig. 5 and 6, respectively. The achieved 
increase in the flexural modulus were taken as 0.7%, 
15% and 2% for 1 wt%, 1.5 wt% and 2% nanosilica 
filled glass fiber reinforced epoxy composites, 
respectively. The maximum value was observed for 
the specimen having 1.5% nanosilica weight content 
as 18.77 GPa. For the specimens having 3% 
nanosilica amount, there is a decreasing compared to 
specimen without nanosilica. This can be related to 
agglomeration of nanoparticles in matrix structure or 
nonhomogeneous mixture of epoxy resin and 
nanosilica particles. 

 
Fig.5. Variation of flexural modulus according to nanosilica 

content. 

 
Fig.6. Variation of flexural strength according to nanosilica 

content. 
For the flexural strength values of the specimens, 
maximum value was obtained for specimens having 
2% nanosilica particles as 346.35 MPa. Differently 
from flexural modulus results, the 1% nanosilica 
amount effected the flexural strength as a little 
decreasing. This can be explained as weak interaction 
between nanoparticles and epoxy resin.  
Also, the load-displacement curves for glass/epoxy 
fiber reinforced composites having different 
nanosilica amount are shown in Fig. 7. The initial load 
height parts of all curves are similar, but the yield 
displacements, failure manners, and maximum loads 
are different. At 1.5 wt% content of nanosilica, its 
curve showed the highest maximum load and the 
lowest elongation. 

 
Fig.7. Flexural load-displacement curves of the composites. 

 
CONCLUSIONS 
 
The experimental study of the effects of nanosilica 
amount on tensile and flexural properties of 
glass/epoxy fiber reinforced composite laminates was 
performed in this work. The composites were 
prepared by adding different weight percentages of 
nanosilica as 1 wt%, 1.5wt%, 2wt% and 3 wt% into 
epoxy resin. In the tensile test, the addition of 
nanosilica provided an improvement in the tensile 
strength regardless of nanosilica content. The 
improvement in the tensile strength was increased to 
the maximum by 8% at 2 wt% nanosilica content. In 
the three-point bending test, the flexural strength 
from composite laminates starts to decrease by 
adding 1wt% nanosilica filler up to 1.5wt%. At 
1.5wt% flexural strength reached its maximum value 
which is 346.35 MPa. The improvement in flexural 
strength was reached by 4% and 1% at 1.5wt% and 
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2wt% contents of nanosilica, respectively. The 
improvement in flexural strength was reached by 1% 
at 2 wt% nanosilica content. After that, when 
increasing the content of nanosilica to 3 wt% the 
flexural strength come back in the decrease trend. 
The results showed that the mechanical properties of 
glass/epoxy fiber reinforced composite laminates 
could be improved by the addition of varying 
amounts of nanosilica particles. It is also revealed 
that composite laminates with nonosilica particles can 
be exhibited better performance than laminates 
without nanosilica. 
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